has not been studied. In the present study, we prepared culture dishes with homogeneous thin 8 or thick films of non-modified CNTs and examined the effect of serum concentrations on 9 human osteoblastic cells (Saos-2) proliferation in these culture dishes. We demonstrated that 10
Sapporo, 060-8586, Japan 8 b Meijo Nano Carbon Co., Ltd., Otsubashi Bldg. 4F, 3-4-10, Marunouchi, Naka-ku, Nagoya, scaffold for the growth of nerve cells [7] . In addition, the use of chemically functionalized
11
CNTs as a substrate allows for the control of the outgrowth and branching patterns of 12 neuronal processes [8, 9] . Sheets of CNTs can also be used as a suitable scaffold for excellent 13 adhesion and proliferation of osteoblastic cells, bone formation by osteoblastic cells [10, 11] , 14 and for the successful differentiation of neural stem cells [12] . Furthermore, protein 15 adsorption by CNT scaffolds from the serum in cell culture medium might enhance cell 16 adhesion, proliferation, and growth [11, [13] [14] [15] . The functions of CNT scaffolds may be 17 greatly influenced by the concentration of serum in cell culture medium.
18
The field of regenerative medicine has been developed with the aim of regenerating and 19 remodeling tissues in vivo for repairing, replacing, maintaining, or enhancing the functions of 1 tissues and organs [16, 17] . In one of the approaches used in regenerative medicine, a patient's Bone injuries occur due to various reasons, including degenerative, surgical, and traumatic 13 processes. One strategy used for the regeneration of bone is the development of cell culture 14 substrates and scaffolds that can control the osteoblast proliferation and differentiation [21] .
15
In our recent studies, we demonstrated the excellent properties of CNT sheets for their use as 16 scaffolds for the culture of osteoblastic cells [11, 14, 15] ; however, there are only a few reports 17 describing the proliferation of osteoblastic cells on thin films of CNTs, and the effects of 18 serum concentration on cell proliferation have not been studied.
19
To investigate the types of CNTs that can most effectively promote cell proliferation in low 16 17 Purified SWNTs (0.8-2.5 nm in diameter) were purchased from Meijo Nano Carbon Co., Ltd.
Preparation of CNT-coated dishes

18
(Nagoya, Japan) and synthesized by the arc discharge method [22] . immediately spotted onto a 60-mm non-treated polystyrene dish (Normal PS), which has a 7 low adhesive surface for suspension culture in order to decrease the influence of the base 8 material layer. They were then dried at room temperature under a humidity of <30%. This 9 procedure was repeated until the necessary amount of CNT coating was obtained (Fig. 1 ).
10
The dishes were dried at 60°C for 3 h and sterilized by UV irradiation (DM-5; Daishin Co.,
11
Ltd., Osaka, Japan) for 1 day.
12
The following abbreviations have been used in this paper for the CNT-coated dishes:
13
SWNT-coated dishes, SWNT0. and poly-L-lysine-coated polystyrene dish (Poly-Lys PS; Iwaki Co., Ltd., Tokyo, Japan). To evaluate surface roughness, the CNT-coated dishes were characterized by using atomic 4 force microscopy (AFM). AFM was performed using a commercial Nanoscope IIIa (Veeco
5
Instruments Inc., Santa Barbara, CA, USA) in the tapping mode across an area (2 µm × 2 6 µm) of the sample surface using a silicon cantilever (Tap300 Metrology probe; MRP-11100, Saos-2 cells were seeded at a low density (1000 cells/cm 2 ) onto 60-mm CNT-coated dishes.
16
The cells were then cultured in DMEM with 1%, 10%, and 20% FBS (CELLect) and 1%
17
PSN Antibiotic Mixture at 37°C in a humidified 5% CO 2 /95% air environment. To evaluate protein adsorption by using an adsorption assay of fluorescent-labeled protein,
12
we added 4 ml of 1 µg/ml PBS (pH 7.4) containing fluorescein isothiocyanate (FITC)-labeled For immersion in FBS, 4 ml DMEM with 1% FBS was added to the dishes. After 3 h 3 incubation at 25°C, the medium was removed and washed 5 times with ultra-pure water. The 4 dishes were dried at 60°C for 3 h and the surface wettability of the dishes was evaluated. 
Results
14
Surface roughness and topography of CNT-coated dishes
To evaluate surface roughness, the CNT-coated dishes were characterized by AFM. The 17 surface roughness (R a ) of CNT-coated dishes is shown in Table 1 . The surface roughness of 18 the SWNT0.5 and SWNT5 dishes was 7.1 ± 0.6 nm and 15.8 ± 0.9 nm, respectively. The To evaluate the surface topography, we used a SEM for observing the surface of the 9 CNT-coated dishes. Fig. 3 shows the SEM images of the surface of the dishes. There were 10 slight differences in the fibrous morphology of SWNT and MWNT-coated dishes. The
11
SWNTs were arranged into a straight line of bundles with a diameter of 10-100 nm. In nanostructure that covered the entire surface. The surface of the base substrate itself was 1 slightly exposed between the bundles of the SWNTs (Fig. 3b) or the fibrous lines of the 2 MWNT network (Fig. 3d) . These AFM and SEM observations reveal that the SWNT coating 3 yielded a flat surface that could be attributed to their softness, while the MWNT coating 4 yielded a three-dimensional network that could be attributed to their hardness.
5
Kalbacova et al reported that SWNT films prepared without using surfactants, minimized 16 17 To evaluate the effects of the amount and type of CNT films on the morphology of cells, the (Figs. 5a and 5b ). In addition, thin SWNT films promoted cell 3 proliferation slightly more than thick films, but no significant difference was found (p > 0.05).
Morphology of cells cultured on CNT-coated dishes
4
In contrast, the cells grown on other substrates did not show good proliferation, and the cell The proliferation ratio was normalized with respect to the cell numbers as a control of cells 10 observed on Culture PS. The proliferation ratio for SWNT0.5 was markedly increased at low
11
FBS concentrations, while the ratio for MWNT0.5 was similar to that of Culture PS.
12
Interestingly, the changes in the ratio were not linear against the changes in serum These results suggest that the wettability of CNTs was largely affected before and after 6 immersion in FBS, and the protein-adsorbed surface of CNTs exhibited hydrophilicity. In 7 contrast, the wettability of Culture PS and Normal PS was slightly affected by immersion in 8 FBS, but they also exhibited hydrophilicity. In the present study, we prepared CNT-coated dishes with homogeneous thin or thick films by In low concentrations of FBS, the proliferation ratio of the Saos-2 cells on CNT-coated 10 dishes was influenced more by the difference in CNT types than by surface roughness. In this 11 study, we showed that the ratio of Saos-2 cell proliferation was strongly affected by the Table 1 ), surface 9 roughness would be a minor factor for proliferation. The differences between the thin and results, it appears that the rough surface (SWNT5 and MWNT5) in the same CNT type 12 slightly increased and decreased proliferation in 10% and 1% FBS, respectively (see Fig. 5a ).
13
This observation also suggests that cell proliferation on CNTs may be influenced by some 14 other factors, the degree of which would change depending on the concentration of FBS.
15
Nonetheless, these results indicate that CNT coating promotes Saos-2 cells proliferation at all 16 concentrations of FBS and that thin SWNT films, in particular, can effectively promote the 17 proliferation of Saos-2 cells at low concentrations of FBS.
18
The strong protein adsorption ability of CNT films is one of the possible reasons for CNTs proteins get adsorbed onto hydrophobic surfaces more easily. CNTs are known to be 10 hydrophobic because of their graphite structure and small diameter with a high surface energy.
11
Therefore, these factors led to the high protein adsorption of CNT-coated dishes. In addition, serum are also expected to influence the promotion of cell proliferation.
13
The wettability of CNT films before immersion in FBS is a possible reason for CNTs being 14 a proliferation promotion factor at 10% and 20% FBS. However, at present it is unclear if the 15 lowest wettability of the thin SWNT films after immersion in FBS directly correlates with 16 effective promotion of cell proliferation on thin SWNT films at low concentrations of FBS.
17
We showed that the wettability of CNTs was largely affected before and after FBS immersion.
18
The surfaces of the CNT-coated dishes were hydrophobic despite different CNT types and 19 surface roughness before immersion in FBS. The wettability of the surfaces before immersion 1 seems to be relative to the ratio of cell proliferation in 10% and 20% FBS (Fig. 5a , top and 2 middle); however, it was not directly relative to the ratio of cell proliferation in 1% FBS (Fig.   3 5a, bottom). After immersion in FBS, the surfaces of the CNT-coated dishes exhibited 4 hydrophilicity. The surface of all types of CNT-coated dishes had strong protein adsorption 5 ability, as shown in Fig. 6 . Therefore, the protein-adsorbed surface of CNTs exhibited 
In this study, we showed that the ratio of proliferation of Saos-2 cells on CNT-coated Although the mechanism of the promotion of cell proliferation on CNT-coated dishes is on a CNT composite surface was affected by its nanoscale roughness and surface energy [43] .
15
From their findings, it can be said that the nanoscale roughness and surface energy of thin 16 SWNT films may play a role in the selective adsorption of cell-adhesive proteins. Results are presented as mean ± standard error of 3 experiments. CNT-coated dishes. MWNTs (MWNT5), and thick film of 5 µg/cm 2 MWNTs (MWNT5). suspension culture polystyrene dish (Normal PS) were used as controls. 
